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Abstract 

Background: Upon activation neutrophil releases microparticles - snnall plasma membrane vesicles that contain cell 
surface proteins and cytoplasmic matter, with biological activities. In this study we investigated the potential role of 
myeloperoxidase in the endothelial cell injury caused by neutrophil-derived microparticles. 

Results: Microparticles were produced by activating human neutrophils with a calcium ionophore and 
characterized by flow cytometry and transmission and scanning electron microscopy. Myeloperoxidase activity was 
measured by luminol-dependent chemiluminescence. Neutrophil microparticles-induced injuries and morphological 
alterations in human umbilical vein endothelial cells (HUVECs) were evaluated by microscopy and flow cytometry. 
Neutrophil microparticles were characterized as structures bounded by lipid bilayers and were less than 1 |jm in 
diameter. The microparticles also expressed CD66b, CD62L and myeloperoxidase, which are all commonly expressed on 
the surface of neutrophils, as well as exposition of phosphatidylserine. The activity of the myeloperoxidase present on the 
microparticles was confirmed by hypochlorous acid detection. This compound is only catalyzed by myeloperoxidase in 
the presence of hydrogen peroxide and chloride ion. The addition of sodium azide or taurine inhibited and reduced 
enzymatic activity, respectively. Exposure of HUVEC to neutrophil microparticles induced a loss of cell membrane integrity 
and morphological changes. The addition of sodium azide or myeloperoxidase-specific inhibitor-l consistently reduced 
the injury to the endothelial cells. Taurine addition reduced HUVEC morphological changes. 

Conclusions: We have demonstrated the presence of active myeloperoxidase in neutrophil microparticles and that the 
microparticle-associated myeloperoxidase cause injury to endothelial cells. Hence, the microparticle-associated 
myeloperoxidase-hydrogen peroxide-chloride system may contribute to widespread endothelial cell damage in 
conditions of neutrophil activation as observed in vasculitis and sepsis. 
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Background 

Neutrophil activation by anti- neutrophil cytoplasmic anti- 
body or complement plays a central role in the genesis of 
a variety of small vessels vasculitis. These conditions are 
associated with significant morbidity and mortality due to 
lesions in central nervous system, lungs and kidneys. Al- 
though direct neutrophil contact and granule release are 
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recognized mechanism of endothelial cell aggression by 
neutrophils, evidence suggests that activated neutrophils 
also release microparticles (MPs) that may contribute to 
tissue lesion in the course of vasculitis [1,2]. 

Microparticles are vesicles smaller than 1 [im in diam- 
eter that are released from plasma membranes of several 
cell types after cell activation or apoptosis in response 
to various stimuli, including lipopolysaccharide (LPS), 
formyl-methionyl-leucyl phenylalanine (fMLF), phorbol 
12-myristate 13-acetate (PMA) and calcium ionophore 
[3-6]. MPs have been implicated in inflammation. 
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coagulation and endothelial dysfunction. Circulating levels 
of MPs are augmented in several inflammatory diseases 
including vasculitis [3,7]. 

Neutrophil MPs contain inflammatory mediators such 
as 5-leukotrien platelet activating factor and adhesion 
molecules including CDlla, CDllb and selectins [3,8]. A 
few studies have provided evidence that human neutrophil 
MPs contain active myeloperoxidase (MPO), suggesting 
that they may activate endothelial cells [1,8]. This condi- 
tion may also give raise to lesions present in some vascu- 
litis [3]. Recently, Hong and colleagues (2012) showed that 
neutrophils primed with TNFa and stimulated with ant- 
neutrophil cytoplasmic antibodies (ANCA) antibodies 
release microparticles that activate endothelial cells by a 
reactive oxigen species (ROS) -dependent mechanism [1]. 
However, little is known about the pathways of potential 
endothelial injury involving neutrophil MPs and ROS. 

MPO, a heme protein found predominantly in neutro- 
phfls, is synthesized and stored in azurophflic granules 
of granulocytes and monocytes [9-11]. The key feature 
of this enzyme is its ability to catalyze the oxidation of 
chloride ions to hypochlorous acid through hydrogen 
peroxide reduction at neutral pH and physiological 
plasma concentrations of halide [11,12]. HOCl is a ROS 
with potent microbicidal and viricidal activities and is 
thought to play an essential role in normal leukocyte 
function [13]. However, HOCl also has the capacity to 
damage host tissue [9,11-13]. This oxidant causes endo- 
thelial dysfunction [11] and caspase activation that re- 
sults in apoptosis of human endothelial cells [14,15]. 
Evidence suggest that it also participates in lipoprotein 
oxidation [3] and development of atheroma [14]. 

In this study we investigated the potential role of MPO in 
endothelial cell injury caused by neutrophil MPs. In order 
to do that we isolated and characterized MPs produced by 
activated neutrophils and incubated these MPs with culti- 
vated human umbilical vein endothelial cells (HUVEC) in 
presence of hydrogen peroxide and chloride ion. The data 
presented here offer evidence that the neutrophil MPs- 
associated myeloperoxidase-hydrogen peroxide-chloride 
pathway may contribute to endothelial cell lesion and con- 
sequently to expand the endothelial cell damage observed 
in conditions of neutrophil activation such as vasculitis and 
sepsis. 

Methods 

Isolation of human granulocytes 

Neutrophils were obtained from heparinized blood of 
healthy human donors according to a previously described 
technique [16]. Approximately 25 mL of venous blood was 
gently mixed with 10 mL of 3% Dextran T500 (Sigma, St 
Louis, MO, USA) and left for 25 min for erythrocyte sedi- 
mentation. The leukocyte-rich supernatant was aspirated 
and centrifuged at 750 g for 10 min at 25°C. The pellet was 



resuspended in 6 mL of Hanks Balanced Salt Solution 
(HBSS) without Ca^"^, Mg^"^ or phenol red. This cell suspen- 
sion was layered over 3 mL of Histopaque-1077 (Sigma) 
and centrifuged at 800 g for 20 min at 25°C. After removing 
the supernatant, the polymorphonuclear neutrophils pellet 
was resuspended in 2 mL of phosphate-buffered saline 
(PBS), and 5 mL of ultra-pure water was added to hypoto- 
nically lyse the residual erythrocytes. After 1 min, isoton- 
icity was restored by adding 2 mL of 3.5% NaCl. The cells 
were then centrifuged at 150 g for 10 min at 4°C and resus- 
pended in 10 mL of HBSS with Ca^^/Mg^^. The purity of 
the granulocyte suspension accessed by flow cytometry 
using anti-CD66b labeling (a granulocyte activation marker 
[17]) was higher than 90%. The experimental protocol was 
approved by the Ethics Committee on Human Research, 
Gon^alo Moniz Research Center, Salvador, Brazil (protocol 
No. 313, CAAE 0024.0.225.000-09). 

MP isolation and protein content determination 

The isolation of MPs was performed as previously de- 
scribed [16,18]. Neutrophils were stimulated with 2 [iM cal- 
cium ionophore (A23187) (Sigma) for 20 min followed by 
centrifugation at 8000 g for 6 min at 4°C. The upper MPs- 
containing supernatant was collected and spun down at 
100,000 g for 45 min at 4°C. MPs present in the sediment 
were washed once with HBSS without phenol red, resus- 
pended in 500 [iL of PBS and stored at 4°C until use. The 
protein concentrations of the MPs suspensions were mea- 
sured using the BCA method (Thermo Scientific, Waltham, 
MA, USA) according to the manufacturer s protocol. 

In order to evaluate if other other stimuli also generated 
similar MPs, neutrophils were activated with 2 [iM calcium 
ionophore (A23187) or 200 nM phorbol-12-myristate-13- 
acetate (PMA, Sigma) for 30 min at 37°C, or with 10 [igl 
mL lipopolysaccharide (LPS; Sigma) for 2 hours at 37°C, or 
were irradiated with ultraviolet light for 20 min and incu- 
bated for 1 h at 37°C. The MPs were then isolated and 
quantified as described above. 

Flow cytometry analysis of MPs 

Microparticles surface membranes were labeled with 
PKH26 (red fluorescence; Sigma) following the labeling 
procedure provided by the manufacturer. Briefly, 100 [iL 
of a 1 (ig/mL MPs suspension was incubated with 100 [iL 
PKH26 (1 [iM) solution for 1 min at 25°C. RPMI media 
1640 (200 [iL; Sigma) supplemented with 10% fetal bovine 
serum (Gibco, Carlsbad, CA, USA) was added to stop the 
reaction. Labeled MPs were separated from the remaining 
dye and washed in PBS by ultracentrifugation at 100,000 g 
for 45 min. MPs were resuspended in 300 [iL HBSS and 
analyzed by flow cytometry in the red fluorescence chan- 
nel (FL2). 

Neutrophils (2 x 10^/mL) were labeled with 20 [iM carbo- 
xyfluorescein diacetate (CFDA; Sigma) for selective tagging 
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of cytoplasmic contents and then stimulated with 2 \iM cal- 
cium ionophore (A23187) to confirm that the MPs retained 
cytoplasmic contents and the integrity of their membranes. 
MPs derived from labeled neutrophils were obtained and 
separated from the remaining dye, washed with PBS by 
ultracentrifugation at 100,000 g for 45 min and resus- 
pended in HBSS. 

Microparticles were studied in the presence of flow 
count fluorescent calibrator beads (1 [im diameter; Invi- 
trogen, Carlsbad, CA, USA). Those beads were run to 
calibrate the size and distribution of MPs. MPs gate was 
defined as the events lower than 1 [im diameter on the 
forward scatter (FSC) and side scatter (SSC) parameters 
plotted on logarithmic scales. In addition, MPs were la- 
beled with several fluorochrome-conjugated antibodies: 
anti-CD66b-FITC (BD Pharmingen, San Jose, CA, 
USA), anti-CD62L (BD Bioscience, San Jose, CA, USA), 
anti-MPO-PE (Novus Biologicals, Littleton, CO, USA) 
and control isotypes (AbD Serotec, Raleigh, NC, USA). 
The MPs were resuspended in 300 [iL HBSS with or 
without 1 mM CaCl2, and 0,5 [xg/mL Annexin V-PE 
(AnV, BD Bioscience) was added to each reaction. A 
minimum of 100,000 events per sample were collected 
using CellQuest software (BD Bioscience). The experi- 
ments were analyzed using Flow Jo software (Tree Star 
Inc., Ashland, OR, USA). 

Transmission electron (TEM) and scanning electron 
(SEM) microscopies 

Microparticles were analyzed by TEM using a previously 
described technique [16]. MP-containing pellets were fixed 
with 2% glutaraldehyde (Sigma) in PBS and post-fixed with 
2% osmium tetroxide (Sigma). The samples were embedded 
in araldite resin. Ultra-thin sections were stained with 2% 
uranyl acetate in 50% ethanol followed by Reynolds lead cit- 
rate (Polysciences Inc., Warrington, PA, USA). The sections 
were analyzed under TEM (ZEISS EM109). 

For SEM, MPs were fixed in Karnovsky fixative, dehy- 
drated in alcohol and stored on a glass surface for 20 min 
at room temperature. The glass surface was metallized 
with gold and observed under a scanning microscope 
(JSM 6390 LV Low Vacuum; JEOL, Peabody, MA, USA). 
Images were obtained by secondary electron analysis at a 
working distance of 15 to 25 mm and an accelerating volt- 
age of 20 to 25 kV. 

Luminol-dependent chemiluminescence assay 

Myeloperoxidase activity was assessed by estimating HOCl 
production using a previously described chemilumines- 
cence (CL) method [19]. Briefly, 1 mL of MP suspension 
(1 (ig/mL) was plated on a 35-mm dish and used for CL 
measurement in a photon-counting device composed of a 
gallium arsenide photomultiplier tube (Hamamatsu R943) 
thermoelectrically cooled to -20°C. Samples were placed 



in dishes, sealed with cling film and maintained at 37°C in 
a thermostatic light-sealed chamber. Their CL emissions 
were then collected by reflections off a concave mirror 
and focused onto the photomultiplier tube. HOCl produc- 
tion derived for myeloperoxidase-hydrogen peroxide- 
chloride system (MPO/H202/Cr system) was recorded by 
luminescence after the addition of 20 [iM luminol to the 
culture for 20 min. The HOCl and luminol interaction- 
derived CL was measured in intact MPs using HBSS plus 
10 mM HEPES (pH 7.3) and 20 [iM H2O2. The HOCl 
measurement was further conducted in the presence of 
sodium azide (NaNs; 10 [iM) and taurine (1 mM; Sigma). 
To confirm the luminescence dependency upon chloride, 
samples of MPs and luminol were also prepared with 
HBSS without chlorine. Previously to analyses, baseline 
readings were performed, and CL emission do not exceed 
17 counts/seconds. 

Human umbilical vein endothelial cell culture 

HUVEC were isolated from fresh umbilical cords after 
treatment with coUagenase (0.1% - Worthington Diagnos- 
tic systems Inc., Freehold, NJ, USA) using a previously de- 
scribed technique [8] with modifications. HUVECs were 
cultured in RPMI-1640 medium supplemented with 10% 
fetal bovine serum, antibiotic (50 [ig/mL gentamicin) and 
100 (ig/mL endothelial cell growth supplement (BD Bio- 
sciences) and used at passages 4 to 6. The cells were 
grown in 5% CO2 at 37°C, and the medium was replaced 
every 2 days. 

Assessment of HUVEC plasma membrane integrity 

HUVEC were incubated with MPs and H2O2 for 30 min in 
5% CO2 at 37°C and then subjected to double labeling with 
2.4 \iM propidium iodide (PI; Sigma) and 20 (iM CFDA for 
10 min, to assess plasma membrane integrity. PI (red fluor- 
escent probe) has affinity for DNA and only permeates 
cells with non-intact membranes. CFDA, in contrast, per- 
meates intact cell membranes and is quickly converted by 
intracellular esterases into a green fluorescent derivative 
[20]. Two inhibitors, sodium azide and Myeloperoxidase 
Inhibitor-I (a benzoic acid hydrazide analog; Merck KGaA, 
Darmstadt, Germany), were used in this experiment. The 
cells were washed with HBSS, incubated with 1.7 mM for- 
maldehyde for 8 min and then washed again. Next, 7 [iL of 
Prolong Gold reagent (Invitrogen) containing 4,6^ -dia- 
mino-2-phenylindole (DAPI; Invitrogen) was added to each 
culture. The cultures were visualized using a fluorescence 
microscope (Olympus BX51) and analyzed with an Image 
Pro-Plus analysis system. The injury was quantifled by per- 
centage of cells stained with PI per section for groups with 
or without peroxidase inhibitor. 

Additionally, after being treated with MPs, 20 \iM H2O2, 
10 \iM NaNs and 1 mM taurine, for 30 min in 5% CO2 at 
37°C, the HUVEC were double labeled with AnV and PI 
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and analyzed by flow cytometry to assess plasma mem- 
brane damage. The HUVEC were resuspended in 300 [iL 
HBSS with or without 1 mM CaCl2, 0,5 (ig/mL AnV and 
2 (ig/mL PL Data from a minimum of 10,000 events per 
sample were collected using CellQuest software (BD Bio- 
science). The experiments were analyzed using the Flow 
Jo software (Tree Star Inc., Ashland, OR, USA). 

Determination of HUVEC morphology 

HUVEC were grown in 35 x 10 mm plates (5 x 10^ cells/ 
dish) and maintained at 37°C in 5% CO2. After 3 days, the 
cells were treated with 5 (ig/mL MPs in HBSS containing 
20 [iM H2O2 with or without 1 mM taurine. The cells were 
cultured with the MPs for 2 and 16 min and photographed 
at the end of each period. As a control, endothelial cells 
were maintained during the same time intervals with HBSS 
alone or with 20 [iM H2O2. Endothelial cell images were 
captured using a phase contrast microscope (Olympus 
CK2, Center Valley, PA, USA), and the images were ana- 
lyzed using Image Pro Plus 6.1 software (Media Cybernet- 
ics, Rockville, MD, USA). 

Statistical analysis 

All results were expressed as median with interquartile 
range. Comparisons between groups treated or untreated 
with inhibitors were made by Mann- Whitney U test. Dif- 
ferences with P < 0.05 were considered significant. 

Results 

Characteristics of calcium ionophore-induced 
neutrophil MPs 

MPs were isolated by differential centrifugation of neutro- 
phils activated with 2 [iM calcium ionophore and character- 
ized by electron microscopy and flow cytometry (Figure 1). 
Representative SEM micrographs revealed spheroid MPs 
smaller than 1 [im and demonstrated that the preparations 
did not contain impurities (Figure lA). TEM micrographs 
showed the presence of lipid bilayers in MPs (Figure IB). 
The size of the MPs was confirmed by flow cytometry 
using l-(im-diameter fluorescent microbeads as a refer- 
ence (Figure IC). PKH26 incorporation confirmed the 
Upid nature of the membranes associated with MPs 
(Figure ID). 

To assess the membrane integrity and presence of 
cytoplasmic contents, MPs were stained with CFDA and 
analyzed by flow cytometry. Approximately 80% of the 
total particles with less than 1 [im diameter exhibited 
positive labeling for CFDA, corresponding to intact MPs 
containing cytoplasmic material (Figure IE). 

Under normal circumstances, MPs released by activated 
neutrophil express molecules characteristic of this cell 
type. Hence, we analyzed protein expression on the sur- 
face of MPs using mAbs against different neutrophil pro- 
teins. The MPs were 33,2% CD66b positive (Figure IF), 



63,6% CD62L positive (Figure IG), 79,3% of MPs were 
AnV positive, indicating the presence of PS as expected 
(Figure IH). Myeloperoxidase was detected associated with 
MPs, regardless of the type of stimulus, being present in 
MPs released by neutrophils activated by calcium iono- 
phore (A23187) (78.2% Figure II) or LPS (59.9%, Figure IJ). 

Catalytic activity of the MPs-associated MPO 

MPO activity was measured using a HOCl-induced 
luminol CL system. As shown in Figure 2, the luminol 
solution alone (HBSS, luminol and H2O2) emitted no 
luminescence. The addition of MPs into the 20 [iM 
luminol solution led to a high level of photon emission. 
Sodium azide, an inhibitor of peroxidase, decreased the 
luminescence to basal levels (Figure 2A, p < 0.05). The 
addition of taurine (1 mM), a HOCl scavenger, also de- 
creased the luminescence (Figure 2B, p < 0.05), although it 
showed a less pronounced effect than sodium azide. Fur- 
thermore, incubating MPs in a medium deprived of chlorine 
resulted in a very low luminescence emission, suggesting the 
HOCl production by CL reaction (Figure 2C). Therefore, 
the luminescence emitted indicates that neutrophils MPs 
possess active MPO. To evaluate whether different stimulus 
were also capable of generating MPs with active MPO, neu- 
trophils were activated with 200 nM PM A or irradiated with 
ultraviolet (Figure 2D). Although differences were observed 
in luminescence intensity, both stimuli generated MPs with 
catalytically active MPO. 

Exposure of HUVECs to the MPs/HiOi/CI" system 

Once the activity of MPO of neutrophil MPs was detected, 
we investigated whether this enzyme could mediate the 
damage caused by MPs to endothelial cells. The cells were 
incubated for 30 min with HBSS alone or containing an 
amount of MPs that corresponded to 5 [ig of protein per 
mL and 20 [iM H2O2 with or without inhibitors. HUVECs 
incubated with HBSS or MPs alone did not exhibit changes 
in membrane integrity (Figure 3A-C). On the other hand, 
MPs/H202/Cr system induced cytotoxicity, revealed by 
positive staining for PI, which indicates loss of lipid bilayer 
integrity. 

To determine whether the cytotoxic effect of the MPs 
depended on MPO activity, we subjected HUVEC to 
different treatments, stained them with PI and exam- 
ined by fluorescence microscopy, or stained with PI and 
AnV and examined by flow cytometry. HUVEC incuba- 
tion with HBSS (Figure 3A-C and Figure 4) or MPs 
alone (Figure 3D-F and Figure 4) did not produce endo- 
theUal ceU injury. As expected, treatment with H2O2 
alone (Figure 3G-I, and Figure 4) or with the MPs/ 
H202/Cr system (Figure 3J-L and Figure 4) produced 
ceU damage. However, the HUVEC injury produced by 
the MPs/H202/Cr system but not the injury produced 
by H2O2 alone is significantly decreased in the presence 
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Figure 1 Characterization of neutrophil microparticles (MPs). Neutrophil MPs analyzed by electron microscopy (A-B) and flow cytometry 
(C-l): Representative scanning electron microscopy micrograph of spheroid MPs (A). MPs analyzed by transmission electron microscopy and show 
the presence of lipid bilayers (B). Fluorescence histogram of MPs (black) and beads (grey), demonstrating their size (C). MPs events were marked 
with 2 |jM PKH26 a membrane marker (black) (D). Integrity of neutrophil MPs (E): Fluorescence histogram of MPs derived from neutrophils 
labeled with 20 |jM CFDA (black) and activated with 2 |jM calcium ionophore. Flow cytometry analysis of the surface protein expression of MPs 
derived from neutrophils activated with 2 pM calcium ionophore (F-l): MPs were incubated with isotype control antibodies (thick line) or specific 
antibodies (black). Polymorphonuclear degranulation marker CD66b (F). L-selectin (CD62L) (G). Phosphatidylserine (H): MPs were labeled with 
annexin V (AnV) in the presence (black) or absence (negative control- thick line) of calcium. Myeloperoxidase (I). MPs derived from neutrophils 
activated with LPS: events were labeled with anti-Myeloperoxidase (black) (J). The figure shows a representative experiment among three 
performed. 
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Time (sec) 

Figure 2 Myeloperoxidase activity in neutropiiil MPs measured by chiemiluminescence (CL). Effect on luminol CL of MPs (1 |jg/nnL) and 
20 mM H2O2 with/without 10 \aW\ sodium azide (NaNg) (n = 4) (A); with/without 1 mM taurine (n = 4) (B) and witli/witliout CI (n = 3) (C). MPO 
activity was observed on MPs derived from neutropliils activated witli different stimulus (irradiation with ultraviolet, calcium ionophore and PMA) 
(D). Data represent the median with interquartile range of three or four independent experiments (*p < 0.05, Mann Whitney test). 



of reagents that interfere with the MPO pathways such 
as 10 (iM NaNs (Figure 3M-0 and Figure 4), 1 (ig/mL 
MPO Inhibitor-I (Figure 3P-R) or taurine (Figure 4 and 
Figure 5). These data show that the endotheUal cell 
damage induced by neutrophil MPs is dependent on 
MPO, while the damage induced by H2O2 alone is not 
associated with this pathway of cell damage. 

Cytotoxicity was also evaluated by phase contrast op- 
tical microscopy in endothelial cell cultures. As ex- 
pected, compared to negative control (Figure 6A, B), 
H2O2 alone induced some modification on the shape of 
the endothelial cells surface after 2 and 16 min of incu- 
bation (Figure 6C, D). However, in presence of MPs/ 
H202/Cr system, blebs were formed on the surface of 
the HUVEC in a time-dependent manner ("popcorn- 
like" aspect) (Figure 6E, F), as shown in the inserts 
highlighting the blebbing cells. The inhibition of mem- 
brane disruption or surface blebs formation by treat- 
ment with MPO inhibitors or taurine confirmed that 
HOCl was involved in the process (Figure 6G, H). 

Discussion 

In the present study, we isolated and characterized MPs 
derived from human activated neutrophils and showed 
that these MPs are capable of causing injury to vascular 
endothelial cells in an MPO-dependent manner. 

We obtained MPs derived from neutrophils activated 
with calcium ionophore A23187. This method is widely 
used to induce the release of MPs in vitro [18]. Although 



neutrophil MPs were shown to differ in their composition 
and functional properties depending on the stimulating 
agent [4,5,8,10], here we show that the MPs produced 
using calcium ionophore present similar characteristics 
to those produced by neutrophils incubation with 
ANCA and other inflammatory stimuli [1]. For in- 
stance, these MPs appeared on TEM, SEM and flow- 
cytometry analysis as round vesicles of heterogeneous 
size, enclosed by lipid bilayers and measuring less than 
1 (im, in accordance with published data [3-5,8,11,21]. 
The membrane integrity of these vesicles was maintained 
as shown by flow cytometry using CFDA labeled, a marker 
that permeates intact cell and is quickly converted by cyto- 
plasmic esterases into a green fluorescent derivative [19]. 
As reported in the literature, the neutrophil MPs used in 
this study expressed PS, L-selectin (CD62L) and CD66b. 
CD 66b is also widely used to define that the MPs originate 
from activated neutrophils [5,8,10,12,22]. 

Both CD62L and CD66b are adhesion molecules 
expressed on activated granulocytes that are involved in 
their adherence to endothelial cells and leukocyte mi- 
gration into tissues [3-5,8,11,21]. The expression of 
these molecules on the surface of MPs may allow their 
adherence to endothelial cells. 

In this study we did not examine the actual process of 
MPO release to the endothelial cells. However, the MPO 
staining using specific antibody in flow cytometry was 
achieved by using intact microparticles that were non- 
permeable to macromolecules. This fact suggests that the 



Pitanga et al. BMC Cell Biology 2014, 15:21 
http://www.bionnedcentral.conn/1471-21 21/1 5/21 



Page 7 of 10 



CFDA 



CFDA+DAPI 




Figure 3 Loss of integrity of cell membrane of HUVEC after exposure to neutrophil MPs and H2O2. CFDA-labeled cells (A, D, G, J, M and P); 

Pl-labeled cells (B, E, H, K, N and Q); merged figures (C F, I, I, O and R). Control HUVECs incubated with medium alone (A-C). HUVECs incubated 
with 5 Mg/mL MPs (D-F). HUVECs incubated with 20 \if\A H2O2 (G-l). HUVECs incubated with 5 ^ig/mL MPs and 20 [xM H2O2 (J-L). HUVECs incubated 
with 5 Mg/mL MPs, 20 jjM H2O2 and 10 jjM sodium azide (M-O). HUVECs incubated with 5 Mg/mL MPs, 20 mM H2O2 and 1 Mg/mL MPO inhibitor-l 
(P-R). Magnification: 400x. The results shown in each panel are representative of four independent experiments. 



cell damage is caused by the product of the reaction that 
occurs in the vesicular surface. Further studies are needed 
in order to confirm this hypothesis. 

We demonstrated by CL that the quantity of counts/sec- 
onds detected in preparations containing MPs, H2O2 and 
Cr ions was approximately 80-fold higher in complete 
HBSS than in preparations with modified HBSS (with- 
out chlorine). Because the extracellular luminescence of 



stimulated neutrophils can be completely suppressed by 
MPO inhibitors or partially inhibited by HOCl scaven- 
gers of [13], the complete inhibition of CL in MPs ex- 
posed to the MPO inhibitor NaNs [13] supports the 
hypothesis that the luminol CL is associated with the 
myeloperoxidase- catalyzed generation of HOCl. No sig- 
nificant luminescence was detected in absence of MPs or 
using chloride-free medium. Similarly, CL emission was 
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Figure 4 Neutrophil MPs induce cell injury by MPO activity. 

HUVEC cells were incubed with neutrophil MPs (5 pg/mL) in the 
presence or absence of 20 H2O2, 10 |jM sodium azide and 1 mM 
taurine, for 30 min in 5% CO2 at 37°C. After the treatments, the cells 
were submitted to AnV and PI labeling and analyzed by flow 
cytometry. The injury caused by the MPO system (MPs and H2O2) 
and not the injury induced by H2O2 alone was decreased in the 
presence of sodium azide or taurine, inhibitors of the MPO pathway. 
The values represent the percent of AnV and PI positives cells in 
each treatment in relation to the total cells analyzed. 



reduced by taurine, a HOCl scavenger [15]. These findings 
confirm the presence of catalytically active MPO associ- 
ated with the neutrophil vesicles in this study and strongly 
suggest that HOCl is the agent that mediates this reaction. 

We also note that, despite the association of several 
molecules in MPs to be dependent on the stimulus used 
[9], the MPO was present in MPs derived from activated 




MPs MPs + Inhibitor 

Figure 5 Percentage of injured HUVECs measured after 
exposure to neutrophil MPs and H2O2. Pl-labeled HUVEC 
(representing injured cells) were enumerated with a fluorescence 
microscope. HUVEC were observed after the addition of 5 pg/mL 
MPs and 20 pM H2O2 with/without inhibitor (sodium azide or MPO 
inhibitor-l). Both inhibitors were similarly effective in protecting against 
cell injury. Data represent the median with interquartile range of four 
independent experiments. (*P < 0.05, Mann Whitney test). 



neutrophils with ionophore calcium A23187 or LPS 
(a pro-inflammatory lipid mediator), demonstrating that 
the presence of MPO in MPs independent of inductive 
stimulus of blistering. The presence of MPO surface of 
MPs was demonstrated by MPs derived from activated 
neutrophils with fMLP [9]. 

Culturing HUVEC in the presence of neutrophil MPs 
in medium containing H2O2 and chlorine provided evi- 
dence for HOCl-induced toxicity on these cells. Previous 
studies have shown that low concentrations of purified 
HOCl induce apoptosis in HUVEC, whereas high con- 
centrations induce necrosis [14,15]. 

Neutrophil MPs damaged endothelial cells within a short 
period of time. We observed a loss of membrane integrity 
in endothelial cells after 30 minutes of incubation in a 
MPs/H202/Cr-containing medium. This endothelial cell 
injury was reduced in the presence of NaNs, taurine, or 
MPO inhibitor-I, while no injury was observed in HUVEC 
incubated with HBSS or MPs alone. As was also shown by 
others, H2O2 alone caused injury to HUVEC [23]. However, 
such H202-mediated damage was not inhibited by NaNs or 
taurine (Figure 4). The fact that HUVEC were protected 
H2O2 damage when MPO inhibitors and neutrophil MPs 
were present suggests that other mechanism of H2O2 deg- 
radation (catalases, for instance) may also be associated 
with neutrophil MPs [24]. 

These findings highlight the participation of neutro- 
phil MPs in cell injury and strongly suggest that these 
lesions preferably occur through a MPs/H202/Cr system- 
dependent mechanism. Besides the loss of membrane in- 
tegrity, we observed morphological changes in endothelial 
cells after 2 and 16 minutes of incubation in MPs/H202/Cr 
system-containing medium. These changes included re- 
ductions in cell volume and the appearance of surface 
blebs. This toxicity diminished by pretreatment with tau- 
rine, a HOCl scavenger, indicating that this oxidant was in- 
volved in the process. 

Finally, although the cell damage has been observed in 
other studies with purified HOCl, this is an original work 
because we showed that neutrophils MPs are capable of in- 
ducing endothelial cell injury by means of HOCl, a product 
generated by activated MPO, in presence of H2O2 and 
chlorine. No previous studies have shown that human vas- 
cular endothelial cells present with loss of membrane integ- 
rity and surface blebs when exposed to MPs/H202/Cr 
system. Hence, our results support the hypothesis that the 
generation of HOCl through a MPs-associated MPO/ 
H202/Cr-dependent mechanism may extend the endothe- 
lial damage induced by activated neutrophils, contributing 
to the severity of inflammatory diseases such as vascu- 
litis and sepsis. It also would be interesting to study if 
similar mechanism of neutrophil mediated lesion is also 
involved in the damage of other cell types such as epi- 
thelial cells in ulcerous disease. 
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Figure 6 Morphological changes in HUVEC after exposure to neutrophil MPs and H2O2. HUVEC incubated for 2 min (A) and 16 min (B) 

with HBSS. Cells were observed with 2 min (C) and 16 min (D) after the addition of H2O2. Note the increased blebbing cells observed with 2 min, 
(E) and 16 min (F) after the addition of 5 pg/mL MPs and 20 |jM H2O2 (inserts) indicating cell damage. Cells treated with 1 mM taurine showed a 
lower number of morphological changes with 2 min (G) and 16 min (H). Magnification: lOOx. The figures show a representative experiment 
among four performed. 



Conclusion 

MPs released upon neutrophil activation are capable of 
causing injury to vascular endothelial cells in an MPO- 
dependent manner. Hence, the MPs-associated MPO - 
hydrogen peroxide - chloride system may contribute to 
widespread endothelial cell damage in conditions of neu- 
trophil activation as observed in vasculitis and sepsis. 
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